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The dissociation constant is determined in analogy to the derivations presented by Diestler et al. [1] . We assume that the ligand and receptor concentration is low enough, such that they can be treated as ideal gases. The dissociation constant is then derived as = ( / )( / ) / (S1) with q R , q L the partition function of the free receptor and the free ligand, q RL the partition function of the bound ligand and V the volume of the system. This notation applies for both monovalent and multivalent systems. In a first step an expression for the monovalent dissociation constant is determined. Afterwards the dissociation constants for different binding modes of a divalent ligand are derived.
Monovalent ligand:
The partition function of the free monovalent ligand is given by the product of the partition function representing the internal degrees of freedom of the unbound ligand q L,i and the volume of the system [2]:
with r the position of the monovalent ligand. The partition function of the bound monovalent ligand reads: 
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Divalent ligand:
The partition function of the free divalent ligand with distinguishable ligand units reads: 
with the index 1 refering to the first binding mode.
We furthermore assume that the binding of two ligands occurs independent from each other. Hence, the dissociation constant for two ligands bound to one receptor (second binding mode, Figure 1b) in the main text) reads:
In the third binding mode (Figure 1b ) both ligand units are bound to one receptor.
The partition function reads:
with q" R the partition function of the receptor, if both binding sites are occupied. Since we assume that the binding processes to two neighboring binding sites are independent from each other, the partition function of the receptor can be written as
. Thereby the factor q' R /q R accounts for the change of the internal 
with ̃e ff the averaged effective concentration concentration, which depends on the length and flexibility of the spacer as well on the distance between the binding pockets d and the binding range of each binding pocket .
